A great deal has been written about the various socio-political, economic, and cultural reasons that information and communications technologies (ICTs) fail to achieve the potential they represent. Far less attention has been paid to the technology itself, and the role that the hardware plays in the success or failure of ICT4D. Along these lines, we find a disconnect between much of the scholarly ICT4D research and many of the needs and concerns of practitioners and intended beneficiaries. Using interviews and surveys, this article asks ICT4D practitioners and end-users about the technology and hardware needs and challenges they face in the field. These practitioners consistently suggest that electricity is the most important hardware-related concern, followed closely by cost, robustness/ruggedness, and ease of maintenance/repair. We argue for the inclusion of hardware and technology considerations in the planning and implementation of ICT4D projects. Failure to address these concerns may account for the underperformance of many technologies in the development context.
Introduction
There is widespread agreement that Information and Communications Technologies (ICTs) should be incorporated into development efforts at all levels. Not only should the global poor be included in terms of communication capabilities and access to information, but nearly every aspect of development can be improved through the application of technology: ICTs appear to improve quality of life through increased efficiencies, economic growth, and the transformation of societies (Walsham & Sahay, 2006) . In other words, ICTs hold tremendous potential to address development challenges (Sahay & Avgerou, 2002; Waugamon, 2014) .
A few widely cited examples give evidence for ICTs' enormous and diverse potential: the 2000s-2010s witnessed explosive growth in mobile phone adoption and diffusion across the continent of Africa, which previously had the lowest ICT penetration rate on earth. The ITU reports that this remarkable growth rate was twice that of the rest of the world (2009, p. 1) . An often-quoted report found that in developing countries, a 10% expansion in mobile penetration leads to a 4.2% increase in Total Factor Productivitya measure of a country's long-term economic dynamism (Deloitte, GSMA, Cisco, 2012, p. 4) . What's more, the adoption of mobile banking in Sub-Saharan Africa (m-Pesa in Kenya) demonstrates that innovation can diffuse from developing world locations.
It is not the goal of this paper to establish the capacity for ICTs to enable economic development. But, the promise of ICT helps explain why many governments, development organizations, for-profit and non-profit companies, and even individuals, are attempting to harness the power of these tools (Gerster & Zimmerman, 2005) . However, both practitioners and scholars in this field bemoan the contrast between ICT4Ds' potential and their relatively modest measurable impact, particularly in developing nations (Gerster & Zimmerman, 2003) . ICTs' effects have been far from uniform around the globe. In their seminal article on the Economics of ICTs and Global Inequality, Heeks and Kenny (2002) argue that many technologies promote inequality and divergence rather than equality and convergence. Nearly a decade later, Heeks (2010) argues that these inequalities have not abated.
The challenges facing the realization of ICTs' promises are myriad. Illiteracy, poverty, poor infrastructure (power, roads, and telephony), harsh environmental conditions, marginalization and exclusion of certain groups, as well as short-sighted regulatory, fiscal, and economic policies all contribute. Recent UN and OECD publications (OECD, 2014; UN, 2014) emphasized the need for improvements in science, technology, engineering, mathematics (STEM)-related education along with policies to promote innovation and inclusive development. Both publications stress the need for public and private sector alignment.
We believe that the historic lack of attention paid to hardware has had a significant detrimental effect on development-related outcomes and inclusiveness. In other words, the technology itself can hinder uptake and thus promote inequality. This article's principal contribution is therefore to address an overlooked, under discussedand therefore illaddressedfeature of ICT4D: the technology itself. Our argument is not that the hardware or technology of ICT4D is more important to examine than other aspects. Rather, we find ourselves in agreement with Tawney (1961) : "The most obvious facts are most easily forgotten." Modern ICT has so many complex, multifaceted, changeable aspects to it that the hardware has come to be simply overlooked by those who can take it for granted.
To counter this tendency, we asked experts, practitioners, and end-users with in-thefield experience in ICT4D for their views on what hardware should be given more consideration. We believe that those who face hardware challenges on a daily basis are among the least likely to take it for granted. Our principal questions are: what can be learned from directly asking practitioners and those with on-the-ground experience what they believe are the top hardware challenges of ICT4D? What do we need to learn in order make ICTs more useful for development?
The paper proceeds as follows: First we review the literature on ICT4D and what it has to say on the relevance of hardware decisions for the usefulness/incorporation of ICTs in the developing world. Next, we introduce the methodology of our study, and present the results from both in-depth interviews and a large-n online survey. After presenting our findings, we discuss implications for improving the hardware and technology of ICT4D.
Focusing on the "T" in ICT4D
Nearly all of the world's ICTs are designed for, and used in the already-technologically advanced world (van Reijswoud, 2009 ). The vast majority of devices and innovations are targeted to markets peopled by sophisticated, literate users who already understand how ICTs can improve their work and lifestyle. These users take for granted advanced electrical and connectivity infrastructures and are able to afford expensive technologies and use them in environmentally safe conditions. They have also have had a lifetime of exposure to ICTs and their evolution. This is not the case for people in the developing world where even an "ON" button (or icon) will not have the same immediate recognition as for someone in the developed world.
The sociology of technology literature reminds us that the technology we get reflects and embodies the values of the actors who contributed to the creation of that technology (Feenberg, 1999) . Thus, it should not be surprising that when technologies developed within and for advanced markets are employed in poor, resource-constrained locations where environmental conditions are harsh, electricity, and connectivity are not assured, and technological literacy and understanding are scantthey often fail. The technology itselfthe devices and hardwarecan be better designed to function in the difficult conditions present across much of the developing world. Yet, there is a dearth of literature focused directly on hardware or technology that could improve ICT4D outcomes.
The role of technology has not gone completely unnoticed. Multiple historical movements have attempted to draw attention to the role of technology in quality of life improvement. Various labels have been attached to Technology for this purpose, such as Intermediate, Alternative, Sustainable, Democratic, or Radical, to indicate a vision of how technology could contribute to a world in which the movement's adherents would want to live. Perhaps the best known among these is the Appropriate Technology (AT) movement, most frequently associated with Schumacher (1973) . Schumacher's "Small is Beautiful" concept resulted from the author's observations of the failure of many largescale, advanced, capital-intensive industrialization techniques being introduced at that time into developing countries with little prior industrialization.
However, to consider the proliferation of mobile phones across the globe over the past two decades, is to recognize that the nature, scale, and scope of the technologies, have changed. To address critiques and perceived shortcomings, and to keep up with changing nature of technology itself, the definitions of AT have changed over time, from a focus on simple tools and basic machines, to an emphasis on technology that is suitable for the environmental, cultural, and economic conditions in which it is intended to be used (van Reijswoud, 2009, p. 3) .
Nonetheless, the focus of the AT movement has always been more on the people using the technology than on the technology itself (Akubue, 2000) , and thus where there has been a scholarly attempt to apply the framework of AT to ICT4D, hardware itself has not been an important consideration (van Reijswoud, 2009 ). Dunn (1979) considered AT a complete systems approach to development. Hollick (1982) argued that the main aim of AT followers is to produce a desirable society, and in fact, when too much technology enters the conversation, AT proponents are critiqued for implying a technological fix for development problems, independent of social and political factors (p. 214). Indeed, AT could never be seen simply as a particular device: it is, rather, a particular approach to community building (Akubue, 2000) . Thus while the AT literature makes the important argument that technology is always and everywhere used by human beings in a complex socio-cultural ecosystem, we would argue that its thrust has become less useful in providing guidance for how to make incremental (technology-related) improvements within these ecosystems.
This article responds to two calls in the scholarly (ICT4D) literature. The first is a strong call issued by a very few scholars for greater examination of the technology itself (Leonardi & Barley, 2008; Orlikowski & Iacono, 2001; Sein & Harindranath, 2004) . The related, and broader, call is to better address the apparent disconnect between ICT4D research and the needs of both practitioners and the intended beneficiaries (Blake & Quiros Garzon, 2012; Harris, 2015) . This article addresses both of these calls, asking ICT4D practitioners and end-users directly about the technology and hardware needs and challenges they face in the field. Heeks (2008) offers a forceful criticism of the field of information systems vis-à-vis ICT4D, claiming that this discipline neither engages with the actual technology it examines, nor with development studies in order to understand technology's effectsin both cases to its peril. Most often ICT4D scholarship concerns itself with what ICT is for, or what it can contribute, such as increased capabilities, empowerment, sustainability, participation, economic growth, political freedoms, etc. There is also frequently a focus within the literature on ICT4D on the institutions or sectors of society that it can help support: Health, Education, Agriculture, Water and Sanitation, Partnership and Capacity Building, Microfinance, Emergency Response, etc. Yet a focus on the technology itself almost never manifests. Corea (2007) identifies the need for both technical knowledge and social knowledge in order to adopt and make valuable use of ICTs for development. These are required in order to understand how technology works, and to be able to proficiently, fruitfully apply it to a given society or setting. The further removed the ICT4D project planner or technology designer, the less social knowledge is present in the ensuing project or technology and hardware. The double-edged sword often arises as the local beneficiaries, or targets of ICT4D interventions most frequently have abundant social knowledge, and insufficient technical knowledge. This is where the need arises for establishing a feedback loop to enable fruitful communication between these two areas (Hosman & Fife, 2012) and where using communities of practice to assist with technology uptake can be beneficial (Theodorakopoulos, Sanchez Preciado, & Bennett, 2012) .
The literature in ICT4D has some important gaps that stand in the way of understanding what the biggest challenges are for hardware and technology in the field and how these challenges might be addressed. Elsewhere we and others have described in detail the repeated problem of ICT4D projects that specifically overlook the lack of electricity in the project-targeted locales, which has led to wasted resources and failed development projects (Armey & Hosman, 2016; Moore, 2017; Singh, Wang, Mendoza, & Ackom, 2015) . Yet, this problem persists due to inadequate focus on the technology in ICT4D projects; the silo mentality and lack of communication between "top" and "bottom," between planners and beneficiaries (Hosman & Fife, 2010) ; and because of the gap in understanding between those with social knowledge and those with technical expertise. We believe it is not coincidental that numerous scholars have called for work in this area, but there remains a dearth of scholarly writing on it, and will return to this point in the discussion. Some peer-reviewed articles have provided snap-shots of hardware challenges in specific developing contexts (Brewer et al., 2005; Oyebisi, 2000) . Brewer et al. (2005) describe the researchers' own firsthand experience with the various technical, environmental, and cultural challenges that can arise when US-based university groups bring projects they have been working on in the university environment out into the field. Oyebisi's (2000) article reports on how environmental factors, such as heat, humidity, and dust, can affect technological hardware in the tropics. Yet, neither of these articles adopted theories or frameworks for understanding the bigger picture of how this knowledge might contribute to a more thorough understanding of ICT4D hardware challenges or how they might be addressed.
An examination of literature from the field of business/management would indicate that there is a comprehension that technology that meets the real needs of the developing world represents an opportunity to both expand potential markets and increase the quality of life for a large number of people (Hart, 2010; London & Hart, 2004) . Nonetheless, there does not seem to be a reliable recipe for success, even among the biggest, most successful companies. Tech giants like Facebook and Google are struggling to realize success in providing Internet connectivity to the billions of people (potential customers) who remain unconnected, with projects utilizing drones, balloons, satellites, and lasers (Vaughan-Nichols, 2016). Google's Project Ara is the company's initiative to modularize the hardware of smartphones so that users can swap out parts, keep using their phones longer, and individualize them to meet their unique needsall of which could be attractive features for developing world customers (Chant, 2015) . However, to date, the project has been repeatedly extended, delayed, and the pilot rollout was canceled in 2015 (Barr, 2015) .
There is evidence that disruptively innovative technology is more likely to be appropriate when designed under constrained conditions, or with a profound understanding of these conditions. It is not coincidental that Facebook has recognized the importance of preparing its developers to address the challenges and constrained conditions of lowincome locales: since it is impractical to send each of its engineers to every potential market, the company created a lab on its Menlo Park campus (in Silicon Valley, CA) that replicates the conditions faced in Nairobi or Jakarta, for example, or even in rural villages with no electricity or 3G service (Honan, 2014) . It can be exceedingly difficult to design technology useful to people facing circumstances vastly different from one's own, and nearly impossible to imagine all conceivable situations, occurrences, and relevant factors.
Precedents have been set that make a compelling case for frugal innovation (also known as design for extreme affordability, or for the other 90%), with notable technological or engineering breakthroughs that make use of location-appropriate technologies. These innovations not only may become more widely adopted across the developing world, but might even become "disruptive" technologies for the rest of the world, as the wisdom of frugality applies more widely than had theretofore been realized.
To give an oft-cited example, the perceived potential competition inspired by the One Laptop Per Child (OLPC) program spurred the netbook revolution (Kraemer, Dedrick, & Sharma, 2009) , andarguably the rebirth of the tablet market, as technology companies raced to meet a market demand they had previously failed to perceive. The low-end netbook and tablet proved successful with both developed and developing world consumers, and were, for many technology companies, rare profitability bright spots during otherwise challenging economic times (Hosman & Baikie, 2013) . This illustrates the concept of disruptive, trickle-up innovation: devices became less expensive and powerhungry (and more user-friendly): this benefits everyone.
On the other hand, the OLPC is far from a perfect example of technology appropriate for a developing context (see, e.g. Kraemer et al., 2009; Warschauer & Ames, 2010) . Among the critiques, Yeh, Gregory, and Ritter (2010) assert that OLPC designers did not conduct usability tests prior to product launch. Moreover, the devices were designed for children, who are more likely to use technology in unpredictable and unforeseen ways making the failure to perform usability tests with children, prior to deployment, even more misguided. We believe that the OLPC example also illustrates what can and frequently does happen when technology is designed in technology-advanced locales (in this case, in the MIT Media Lab in Cambridge, Massachusetts, USA) for places and users not accustomed to such technologies. The challenges facing these users, in terms of access to electricity and/or connectivity, as well as what they actually want to use technology for, may differ considerably from what an innovator in the technologically advanced world would imagine users' wants and needs to be.
This article aims to identify hardware-related factors that better meet the needs and demands of a greater number of ICT users around the world. To that end, we have conducted our research by asking those using ICT in the field in the developing world. Our findings are based on the insights gleaned from in-depth interviews and a macro-level survey of experts, practitioners, academics, and end-users of ICT4D.
Data collection and methodology
By combining both qualitative and quantitative data, this article takes a multi-methods approach to enhance the validity and robustness of its findings. The two approaches serve to complement and inform each other (Hosman, Fife, & Armey, 2008) . The findings presented herein come from data originating from two sources: in-depth interviews and a macro-level online survey. While a survey can reach a large number of participants with narrow questions and measurable responses, in-depth interviews are especially useful when deeper probing is called for. The mixed methods approach was also employed to build the research from one phase to the next.
In-depth interviews: Structured one-on-one interviews took place with key stakeholders in the field of ICT4D. These interviews were designed to allow for in-depth discussion on the topic of technology hardware challenges in the developing world, as well as to inform the construction of the online survey questions. In total, 36 interviews took place with key stakeholders in the ICT4D space. In order to ensure a diverse representation of voices and viewpoints, the interviewees were drawn from multiple sectors, including academia, development organizations, non-profits, and small business-owners/entrepreneurs. In formulating the list of potential interviewees, subjects who self-identified with more than one of those titles/job descriptions were given priority. Gender, geographic location, and specific area of expertise were also major considerations while forming the sample cohort, which was intended to be simultaneously representative and diverse. To give an example of geographic diversity among the interviewees, 11 were from or were working in Africa, 9 represented Asia/Southeast Asia, 7 were from the Americas, 4 came from Europe, and 4 from Oceania.
These in-depth interviews were recorded and transcribed. Two independent researchers subsequently performed content/thematic analysis, and their findings were corroborated to identify common themes emerging from the interviews, allow categories to emerge, and permit the interviewees' own insights to develop and address the research questions relevant to this study in their own words.
Online survey: The survey (see Appendix) was designed to collect descriptive and attitudinal information from a representative sample of people who are actively online and self-identify as interested in ICT4D topics (as reflected by the survey distribution outlets listed below). As such, more generalized statements may be made vis-à-vis the attitudes and beliefs of this population, as representing the larger ICT4D community.
An invitation to complete the survey was distributed on an email subscription list maintained by Inveneo, a San Francisco-based ICT4D-focused social enterprise, through its ICT-Works website and mailing list. ICTWorks describes itself as the premier online community for ICT4D professionals, and sends out topical posts three times per week to its subscribers. These newsletter subscribers received invitations to complete the survey described herein. The founders and managers of ICTWorks claim that it is the largest ICT4D platform (website, newsletter, community) of its kind, with (at present) over 9000 email subscribers. The fact that the survey responses resulted in geographic and sectoral diversity, along with a range of levels of experience within the field(s) of ICT4D, we believe, speaks to the representativeness of the survey's respondents within the ICT4D community.
In addition, invitations to complete the survey were also posted on the Engineering For Change (E4C) blog, at the USAID Development Impact Lab 2014 conference, as well as on local web-based news sites, such as innovationafrica.org. The survey invitation is estimated to have reached approximately 6000 potential respondents. From this pool, 460 surveys were completed.
The online survey's research questions commenced with the following: "In your own words, what are the top hardware challenges facing ICT4D
?" The open-ended nature of this question was designed to capture the respondents' own spontaneous, unique, and uninfluenced insights and opinions before introducing them to a series of closed-ended questions.
By definition, closed-ended questions are pre-populated with a fixed list of possible responses from which survey participants are asked to select the best response. In the closed-ended question sections, we asked the respondents to rate on a Likert scale the importance of numerous hardware features and related factors that the in-depth interviews and two rounds of pretest surveys had identified. Thus, by launching the survey with an open-ended question and continuing with closed-ended questions, we capture and can compare respondents' uninfluenced opinions with the fit and appropriateness of our pre-populated categories of hardware features.
From the in-depth interviews and the authors' experience in the developing world, we formulated two hypotheses that we were aiming to test with the survey data collected: First, based on the findings in Armey and Hosman (2016) , we expect that concerns regarding electricity would prove extremely important to respondents with significant in-field experience (this is in contrast to the near-absence of academic focus on the centrality of electricity in ICT4D). Second, respondents would emphasize the importance of the basic functionality of the technology and hardware. In other words, while a variety of special and specific features might be nice to have, ensuring that a device or technology will just work would be of more prime concern. Content analysis from the in-depth interviews led to a further prediction that robustness, cost, and ease of use would be among the most important factors to our survey respondents.
Findings
The issues identified as the top ICT4D hardware challenges proved to be largely similar between the open-ended and closed-ended questions in our survey, although not identical. We believe the similarities in outcomes between the two types of questions indicate robustness of the survey results, which are subsequently triangulated with the findings from the in-depth interviews in the sections below. On the whole, respondents were not strongly oriented towards specific features or cutting edge technology. Energy concerns were consistently rated as the most prominent concern. Despite our diverse sample, these findings were largely robust to differences in location, gender, and industry ( Table 1) .
As described above, our survey launched with an open-ended question, asking participants to identify the top three hardware challenges they see in the field. This question was open-ended in order to capture respondents' uninfluenced insights and opinions before introducing them to a series of closed-ended questions. In the open-ended portion of our survey, we categorized responses into 26 categories. Table 2 indicates the number of respondents who listed each category as one of their most important issues; 224, listed energy concerns as particularly important. With cost, durability, connectivity, and the environment following as important to many respondents. Figure 1 illustrates these findings, energy-related issues were deemed far and away the most important of the ICT4D hardware challenges.
As further questions of our survey address the specifics in these categories, we hope to shed light on what kinds of hardware improvements would address these concerns. The rest of the survey asks participants to indicate the importance of various hardware concerns and solutions on a 5-point Likert scale (with one representing "not important" and five indicating "extremely important"). Figures 2-6 show the percentage of the 458 respondents that rated a characteristic 4, quite important, or 5, extremely important, on the Likert scale in our survey. Most respondents rated most characteristics at least 3, or important, thus in focusing on ratings of 4 or 5 we focus on what respondents valued most. That is, we answer our research question directly. Moreover, alternate measures Figure 1 shows the results from the broad question to participants: "How would you rate the following hardware features, in terms of significance for ICT4D?" The answers closely parallel the open-ended questions. Respondents emphasize the importance of electricity in general, while not necessarily agreeing on the appropriateness of any particular solution.
The challenge presented by the cost of technology proved to be the second-most important issue to survey respondents. Cost was also second in importance among the interview subjects, who were able to place the issue of cost in perspective. Given the ability to elaborate in an interview context, the vast majority of respondents and interviewees voiced concerns that incomes in developing world locales are not sufficient to afford the desired, useful technology.
A number of the interviewees articulated one of the main cost challenges: the finding of a price "sweet spot" that correctly balances expense with quality sufficient to provide durability and functionality. In their opinions, extremely low-cost devices tend to fail quickly, making them more expensivein the long runthan devices that maintain functionality longer. Nonetheless, the preference for extremely low-cost devices prevails. This is not simply because of low-income levels, although this certainly plays a significant role, but because it can be extremely difficult to calculate devices' long-run cost when it is so challenging to estimate charging, connectivity, and repair costs in a developing world context.
Robustness is the next most highly valued, if imprecise, feature respondents are looking for. Reliability, ruggedness, durabilitythese are interrelated concepts and were all identified as important by both survey respondents and interview subjects. In the interviews, many specific examples of typical device weaknesses or causes of failure under challenging developing world conditions were given. These included scratched, smudged, or cracked screens, particularly when employed in a multi-user scenario. In addition, screens are often difficult-to-impossible to read in direct sunlight. Respondents would like to see devices that are resistant to humidity, salt-air, sand, dust, dirt, extreme heat, and water (or are even waterproof); these environmental hazards are common in the developing world, where it is often difficult to provide controlled environments for devices. Since this is the case, many advocated for devices with no moving parts, so that dust, dirt, sand, and humid air, etc., are not sucked in or blown around through use of a fan and/or vents that are otherwise intended to cool down a machine and prolong its life. Figures 3-6 display the results of more detailed responses on environmental, electrical, network, and peripheral/software concerns in the close-ended portion of our survey.
Specifically Figure 2 helps shed light on our respondents' meaning of robustness. Figure  3 details the answers to the question: From an environmental standpoint, how important are the following hardware features or related factors when it comes to ICT4D? Respondents are less concerned with corrosion or more extreme water-proof solutions, socially and environmentally responsible solutions, or a particular hardware configuration, but rather are concerned primarily with the more immediate problems that wreak havoc on technology: heat, humidity, dust and general long life, which all seem to be in line with the emphasis on durability from the previous question.
In fact, although e-waste was frequently mentioned by interviewees from developed or Western countries, it was far less important to those located in and originally from the developing world. This issue is not yet at the forefront of developing world mindsets; the priority remains getting technology to as many users as possible in order to create the critical mass necessary to engender widespread technology uptake.
Many of the Western-based interviewees voiced the desire for recyclable technology, for hardware to employ easily swappable and interchangeable parts, and for e-waste recycling programs to be established where they are most neededin places that have become dumping grounds for e-waste, particularly in the developing world. There was little to no discussion of the feasibility of taking such approaches. In addition, survey respondents did not prioritize these issues. Figure 4 clarifies the electrical issues that those in the developing world face. It suggests that hardware needs to deal with unreliable power sources: resilience to electrical spikes and surges, long battery life, and running on a low amount power for a long period of time are the most important power characteristics for respondents. A significant number of the interviewees and respondents expressed the desire for hardware that can be powered at the 12-volt level, so that it is simple and straightforward to employ renewable energysuch as solar powerand with direct current, so that electricity is not lost in the DC-AC-DC conversion process.
Connectivity was seen as vitally important by both interview subjects and survey respondents alike. It is connectivity that gives meaning to the "I" and "C" in "ICT." Without connectivity, there is no means of accessing the very information and communications capabilities that add value to this technology. Interviewees pointed out that the more connected people each user knows, the more valuable their networkand indeed the entire networkbecomes. Thus, the more widely available methods for getting connected and online, the better. WiFi, 3G, and 4G were all identified as important, although WiFi was seen as by far the most important among the three. In addition, since this is how most essential software updates are made available, connectivity becomes central to the continued operation of any given device. Figure 5 suggests that flexibility in connecting to the Internet is also important, and more useful than any individual connection method except Wi-Fi, which is seen as particularly important.
There is less consensus on the importance of various software and peripherals in Figure  6 , but flexibility clearly receives emphasis. Nearly 80% suggest that universal plugs are important. USB and web-interfaces are also very important. Interestingly, there is an emphasis on hardware features that make for good communication: cameras, microphones, headphone jacks, and speakers. Bluetooth, voice commands, particular operating systems, and video outputs prove to be less important.
Maintenance and support-related issues were also identified as a central challenge by both interviewees and those surveyed. All interviewees agreed that in an ideal world, the best device would need no servicing or supportit would just work. Numerous respondents pointed out the difficulty of sourcing spare parts for developing world locations. Having spare parts on hand is rarely in a plan-of-action for development projects or even market-oriented launches of new products. The logistics and infrastructure challenges in these locations conspire to add significant costs to spare parts sourcing. On a similar note, transportation for the performance of servicing, maintenance, or repair is expensive as well, in particular due to the poor quality of infrastructure. The next challenge is the lack of local skilled talent to carry out repairs. A significant number of respondents gave the example of how globally popular basic mobile phones have their lifetimes extended by the relative ease with which they can be taken apart, diagnosed, fixed, and put back together, and how entire local ecosystems rise up to address this need. If technology is not locally repairable, it is neither locally affordable nor will it be locally sustainable.
We also looked for correlations between areas of emphasis and characteristics of respondents and their experiences. Perhaps most notable are the broad similarities across groups. Table 3 summarizes the percentages ranking a given characteristic a 4 or 5 on the Likert scale in different industries. Durability and electrical robustness were generally quite important to all respondents. Still, there were slightly different preferences across industries as to which aspects of durability were most important. In industrial settings, water, dust, and humidity proof-ness were less important than solid state drives (SSDs) and display quality. Health and education professionals were more concerned with keeping their settings lead-free, and health professionals were interested in high quality displays. The nature of work and settings may also shape somewhat different preferences across other features. Health and Industry are less excited about Linux, but government is more excited about Linux visà-vis Windows. Industry and NGOs emphasize 4G connections, government work requires Ethernet, and the education and health sector workers demonstrate the least emphasis on connectivity.
We believe that the slight differences discernable at this level of granularity are interesting. However, it is the overall findings that indicate widespread concern, robust to all demographics, with electricity, durability, and cost, that can best inform recommendations for moving forward in addressing the hardware challenges of ICT4D.
Other issues

Location and distribution
There is a disconnect between interviewees who stressed the need for designers and developers actually located in the developing world who are intimately aware of the challenges facing that environment on a day-to-day basis, and the countervailing point made by others that technology and hardware designed for too specific a purpose will become "boutique" technology. This would negate the benefits of economy-of-scaleaffordability and the ready availability of off-the-shelf replacement parts. A balance between these points of view seems unlikely. However, there is room for the creation of strong feedback loops to afford developing world designers and developers access to the capabilities and manufacturing and distribution channels of large technology companies.
Non-Hardware issues
Although the stated focus of this article is the hardware challenges facing ICT4D, it is certainly worth noting how much importance respondents attached to non-hardware issues: If a "Non-Hardware Issues" category had been included with the open-ended survey question results in Figure 1 above, it would have ranked a close second to electricity/energy issues. A significant focus on non-hardware issues manifested throughout the in-depth interviews as well. Even though both the survey and interview were clearly presented to respondents as focused specifically on hardware and technology ICT4D challenges, a significant number of participants gave non-hardware responses as their replies. In fact, non-hardware topics constituted nearly one-third of interviewees' overall responses.
We believe that such a high rate of non-technology responses within a technologyfocused interview or survey represents the explicit acknowledgement and comprehension that technology use, in fact, takes place by humans, within the context of a socio-political-economic and infrastructural reality: within an ecosystem. The authors gladly acknowledge this reality and its importance. In fact, the vast majority of writing on the topic of ICT4D has focused on the various human factors related to the topic. This article, by contract, has explicitly attempted to foreground technology and hardware in the discussion of challenges facing information and communications technology leading to improved development-related outcomes. This is not because the human factors are less important in any way. It is because, up to now, there has been insufficient focus on technology and hardware, and the authors hope to jump-start its necessary inclusion in ICT4D discussions and considerations. To address ICT4D challenges holistically, in other words, the ecosystems we discuss must include both human factors and technological considerations.
Overall, the findings support our two hypotheses: Survey respondents highlighted the need to be able to deal with limited and uncertain power supplies. While few scholars have directly addressed the primacy of electricity in this realm, the respondents to our survey emphasized its importance as a primary hardware challenge. In addition, basic functionality, robustness, cost, and ease of use also proved to be important to our survey respondents.
Directions for future research
At a future date, incorporating our data into a more theoretically-grounded analysis may yield insights applicable to a wider audience in various sectors. The authors acknowledge Rogers (2003) Diffusion of Innovation theory as a widely utilized framework with potential relevance here. However, even Rogers has written that the kind of development or advancement enabled by ICTsinformatizationwill only become diffused once people have access to and the ability to use new information and communication technologies (Rogers & Shukla, 2001) . Thus, attempting to apply the theory to yield insight vis-àvis our data will confront the very same on-the-ground challenges and limitations we have addressed in this article.
Another potential avenue for future investigation is whether there may be a role for the nascent open source hardware movement to play, particularly in establishing a feedback mechanism between hardware designers and developers, and end-users. To our knowledge, this movement has not yet made significant inroads in the developing world, or in the realm of ICT4D, but its potential to take hold there seems apparent to us.
Conclusion
It is not surprising that life in developing countries subjects technology users to challenges in terms of the durability of hardware and connectivity that are not normally present in the developed world. Hot, humid, dusty environments wreak havoc on traditional technology and often make prolonged use of hardware problematic. Moreover, these conditions make calculating the cost of both short-and long-term use of technology nearly impossible. Internet availability varies widely, and participants in our survey are looking for ways to cope with this challenge as well.
But, perhaps the big surprise from our results (for non-practitioners or those who do not spend time in developing countries, at least) is the primacy given by our survey respondents to the challenges associated with power/electricity. Both authors, having spent time working with technology in developing countries, find this far less surprisingdifferent power sources, brown outs, black outs and spikes all too often "fry" the devices that were designed in and for environments in which power is constant. Frequent replacement of such devices in poorer counties is often cost prohibitive. As our survey suggests, devices need to hold a long-lasting charge and be useful where power is highly unreliable.
Elsewhere, we have made the case for emphasizing the primacy of electricity in ICT4D initiatives, in order to bring to the foreground a topic that was nearly absent from analysis within the ICT4D or digital divide literature (Armey & Hosman, 2016) . The authors' main motivation behind that contribution was witnessing ICT4D project after project being commissioned and then failing on-the-ground because those who had designed and commissioned the project (from a wealthy country, development organization, or Capitol city, e.g.) had never considered the necessity of electricity (or its absence) during project design.
This article has similarly foreground a topic that the authors believe has been neglected within the ICT4D literature: the "T" or Technology. The intention is not to downplay or deemphasize the importance of the other, often more human-centric, factors at play in determining the success and/or impact of ICT4D initiatives. Rather, it seeks a place at the table for crucially important considerationstechnology, hardware, and even electricity and infrastructurethat are not currently being included in the ICT4D discussion and design stages. This call for inclusion is intended not only for academics, but those representing companies that design ICT hardware, governments, and development organizations.
Our results also suggest that infrastructure work may be a key part of improving the usefulness of ICT in developing contexts. Without reliable power, the devices are taxed and their usefulness diminished far too quickly. Maintaining supply chains in the developing world for replacement parts is key. But fixing the power problems may be even more important. We believe that developing countries are facing an electricity gap more than just a technology gap. The hopes of the practitioners surveyed, to find technology that can bridge that gap, is only part of the puzzle. Solutions will be neither simple nor straightforward. Locating hardware designers in environmentally constrained, economically challenged conditions will not solve the problem, but it is an important first step. "Boutique" technology will not pass affordability or sustainability tests, yet the status quo of (nearly) all technology design and production taking place in the advanced-technology world leaves plenty of room for improvement.
We believe that establishing strong feedback loops between technologically advanced and technologically challenged locations are one-way forward. New technologies reflect the priorities of those involved in the design and production process. Until a company sees as its best interest to design and produce technology that addresses the hardware challenges present in the developing world, we are likely to see a continuation of the status quo of companies producing new ICTs that reflect the fast-paced consumerdriven market approach of wealthier countries.
We also found noteworthy the significant number of interview and survey responses not specifically about hardware or technology. Perhaps this abiding focus on non-hardware issues reveals a widespread recognition of the importance of the entire ecosystem from the socio-political environment to infrastructure, to name a few. It is certainly a reflection of respondents' firsthand experience with the challenge of bridging the gap between ICTs' promise and realized impact. The ecosystemand whether it addresses local needscritically impacts the adoption and meaningful use of technology. This paper asserts that if ICT hardware is appropriately designed and manufactured to meet the realities of the developing world the technology can make significant contributions to those challenges it purports to address.
Just as the field of ICT4D is expanding rapidly and ICT4D projects are taking on broader scopes and scalescontinuing to expand into agriculture, governance, health care, and educationthe critical analysis of best practices and lessons learned must continue. The quality of people's lives and their abilities to move out of poverty and live with increased levels of freedom and opportunity are on the line. The same holds true when it comes to analyzing the technology and hardware of ICT4D: understanding what works and what does not is of paramount importance to improvement.
